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I/ - ) (54) Title: POLYMER COMPOSITION 

(57) Abstract: The invention includes compositions comprising at least first and second polymers and optionally a third polymer 

wherein acid subunits, basic subunits and elastomeric subunits are contained in the polymers. In one aspect, the composition com- 
^ prises a ternary polymer blend comprising an acidic polymer comprising acidic subunits, a basic polymer comprising basic subunits 

and an elastomeric polymer comprising elastomeric subunits. In an alternate aspect, the composition comprises a binary polymer 
Q blend which comprises acidic or basic subunits in one polymer and a copolymer comprising the other of the acidic or basic subunit 

and an elastomeric subunit. Such polymer compositions may be formed into a membrane having electrochemical properties which 
^ permit the use of such a membrane in an electrochemical device. 
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POLYMER COMPOSITION 

TECHNICAL FIELD 

Noveipoiymermemhmne s „e «osed which have desirabie d e*o*e^ P»P^ 

ad cells. 

BACKGROUND OF THE INVENTION 

shape. 

hydrogen/air fuel cells and liquid feed direct methanol fuel cells. 

prolonged period of rime at tentperatures higher dnan 8 5»C winnout showng 
decomposition and performance degradation. As such, they cannot - 
c LyLycarhonmono ri de W hichispresen, W hen r eforma«ehydro g engas,sused. 
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Perfluorinated hydrocarbon sulfonate ionomer meutanes have also been slmwn to have 
Ugh permeability to liquid methanol. Therefore, liquid feed direct mettano polymer 
dLlytomenAranefodcellBbasedonNafion^ora^peAo^hydrocnrhon 

sulfonate ionomer membranes have poor efficiency and low power densrhes. 

Accordingly.it is art object hereinto provide polymer membranes wbich have highproton 

conductivity, lugh temperature stability and/or low ntethanol permenbdrty. 

SUMMARY OF THE INVENTION 

The inventionindudescomposidons comprising at .east first and second polymers and 
Xuyaritirdpolymerwhereinacidsubunits.basicsubunitsandel.tomencsnhumts 

are contained in the polymers. 

copolymer ^"^"^"""^^l? 
an elastomeric polymer comprising elastomeric subunits. In some embod,ments, one 
nrore of the polymers, preferably the elastomeric polymer, compmes a 
5 semi-interpenetratbagnetworMn-N). m an alternate embodbnent, 4e composrUon 
comprises abinary polymer blend which comprises acidic or basic -*-*»«- 
polynrer and a copolymer comprisurg the other of the acidic or haste subum and arr 

elastomeric subunit. Such polymer composirions may he formed into anyshape. 
However.it is preferred that such compositions be fonned into a membrane havmg 
dectrochemica. properties which permit due use of such a membrane m an 
electrochemical device. 

sdfodc acid, phosphoric add or carbolic acid groups. Sunbnated polyetherether 



20 



ketone (sPEEK) is the preferred acidic polymer. 



25 ^^of^^^^^y^^2 ols 

con^aromadoamine.dlphadcammeorheterocydromtrogen. Polybeoanudazole 
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polymer. The elastomeric polymer is preferably polyacrylonitnle (PAN). 

5 acrylonitrile. 

Thepolymermembraneisprefe^ 

in the fabrication of electrochemical devices and fuel cells. 

t * ,1 cells the polymer membrane can be nsed in conjunction with other 

- ===== ===r 

andelectronswmcharettansnnhed.hronghteanodedecuodetoaload^d.heneto 
7 H On the cathode side of the membmne, the second catalyst facduates the 

comprising a cationic cnrrent across the membrane, 
chemical sensors, electtoohromic devices and fuel cells. 

^^^^^^^^^"^ 
invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

F w e l schematic W 

anode to the cathode, 
assembly. 

• «ri WosPEEK 15.5% PBI and 3% PAN. 
20 membrane comprises 81.5 /«, sFbfcK, 

PBU n d3%PAN. A.canbeseen.the^— itS mass we»l above 300 C. 

R ^v— * o ( — -«j^-tr— 

Hafion®membrane(7mil S thick) a, compared to a membrane (5 
25 75%sPEEK,20%PBIand5%PAN. 
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WOOIj^^ 

rf .eofaPEM&elcellcontainingthemembraaecomprising 

s 

♦ ,wiiv Cell resistance 

/ or (aO^y/Acm/ 

Temperature/ L, 

n.036 



0.036 
0.035 
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120 „ 0.026 

140 °- 8 ° 

ip-rv TwsrRTPTION OF THE INVENTION 
DETAILED ^ ^ t polymeric backbone which contains 

on e or more acidic snbnnhs. In a preferred cm ; fcrred 

embodimenrsinc.ndearor.hcbac—^ ^^J^ 
More pa^icularly.an acidic poiymercontarnaacrdrcsnhn 

pUererherheroneW— 'P-fT'^^,^ 

polybeKO bi— , = 

sulfonated polyamides, sulfonated poLyetner t : rnolvme r S The sulfonated 

inolude polyvinyl acid, donated pohystyrene, copolymers of aery 
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WO 01/^^ 

, ™do 2 me.hyl-1 propane sulfonic acid, acrylonitrile and vinylsulfonic cid, 
aorytaudo-2-methyilprop ndmethaciyloI!y ethytaeoxypropane 

acid group per polymer repeating unit. 

po^pnoaphoric acid, poiyb— o,e phosphonc ao,d and so oa 
may be partially or My fluorinated. 



25 groups. 



plX— K^.orN-ary.polyben.rnida.o.ea.po^— olea, 
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^^^^^^^^^^ 

indole 1 2,3-oxadiazole, 1,2,4-thiadiazole, 1,2,3-tnazole, 

5 ^^^W^""-*^- 4 "* TheSeP ° y 
may be optionally partially or fully fluorinated. 

Espies of aUphaticpo.yaaipe, include polyethyleneWnea, pol^pyrtdina, 
powIy^.andaoon^aebaaicpolyn^n.ybeopUonaUypar.aUyorMy 

fluorinated. 

10 Polyhenzimidazole (PBI) is a preferred basic polymer. Polyvinylimidazole (PVI) is a 
particularly preferred basic polymer. 

preferred embodiments include aliphatic backbones although aromatrc polymer 
elastomeric subunits which preferably contain elastomeric groups such as mtrde, 
TncLepolyacrylomtnle, acrylonitrile copolymers, polyvinyihdene floor, e, vmyhdene 
poly(trifluormcthylethoxy)phosphazene. 
The elastomeric polymer may be added to the polymer membrane in the form of 
b e polymerized photochemically or by thermal treatoent for the semr-IPN. 

25 Asusedherein, an eiastomeric copolymer refers to an elastomeric polymer which 
contam.elastomericsubumtsandoneormoreacidicsubuni.sorbasrcsubumts 
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WO 01/^^ 

aepe^uponwhich^od^ofa.e— is being practiced. For ex^nple, if 
eias.o^csuWsandb.ic.ubuni^ybecsedicab^ccrcpcs.uca 

^botberpoiymersa^copo^ers.ctonnadd^coc.po^^ntoscopeof 
the invention. 

The acid equivalent weight of the polymer contain to acid groupie acid 

P • i or TYu> acid oolvmer will be used in the 

composition in a concentration varyng from 10/. to by g , 
t0 J% by weigh, and most preferabiy between aboutSOand 90% by wetght. 

foiling water. Whenused inatemary blend, thebasic polymer wdlbeosed, «h 
m boumg w» mMe prrferab iy 

eompositioninaconcentrattonvarymgfromO.S/.toSO/ * . ^ 
between 2 .5to40%byweight, sti.l more preferably between about 5 and 25 /. by 

Isuperiormechanicmproperdesaswenasmen^ranesha.nglowmetbano 
TeLelity The eiastomeric polymer be used in concentrahon varyng front 0, /. 
penneamniy. b v weight and most preferably 

to 50o/o by weight, more preferably between 2.5 to 40 A by weig 

between about 5 and 25% by weight. 
poiyetheretherhetone^PB^^^ 
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WO 01/^^ 

v „ .nnt.inq RS 4% sPEEK by weight, 11.6% PVI 
practicing the invention, this composition contains 85.4/o 

by weight and 3% PAN by weight. 

blend, the acid polymer can constitute any 

ebstomeriosubuni.sandbasrosubumts.Intbis 

10 added. Whensoused.i.ispreferred^po.yv^dazoiebausadaltbo 
polybenriolidazole may also be used. 

^po.ynrernaveao— n 
15 betwe.nSOtoQS'/.a.dmos.preferabiybemeenSOo^ 

U^e — copol^coo^ ^J^j^^M. 
elastomer copolymer. In general, the lowe 

tensed. Preferred ranges for basio/eiaatomer subnets m the oopo.ym 



25 1:99. 
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WO 01/^^ 

incorporated into the binary system, 
comprising ac^onitrile and l-acryloam.do-J-methel prop 

20 acid or basic subunits. 

polymer blends. In this case the elastomeric polymer ts added toasolotm 
and basic polymer.^ 

u „ mn v he fabricated by solution casting the 
— ^^r^^P^—eisthenswonen 

^areacrivemonomerprecnrsor^ d-^ ^ J „ so that the 
radical photo- or thermal-initiator wll be added to me 
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polymer network for improved mechanical stability. 
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between 3 and 4 mils. 

^ td ;0.005S/c m .n rare p^ 1 y^e rta 0.0 1S ^ m o^ ly 



greater than 0.02 S/cm. 



^portacrossamembranehavinga^tMctess.iess.han.hetran^ fm 
ZaKaSon — lopped— sfce 



membrane. 



^abaalcals.abffi.yeapada.^aamaUdagraeofcroa^asea.^ed. 
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polymerase. It may also include anode and cathode strode* which areta 
electrical contact with the catalysts layers. 



In general, anode and cathode catalysts are applied onto the memhrane by well 

5 oatalystistypicallynsedontheanodesidewhileplatmumoamlyatisappUedonme 
cathodesidcForhydroger^airorhydrogen/oxygenmelcellsplatinumor 
platinum/nrthenium* generally apphed onthe anodeside, and platinum, apphed on he 
cathode side. Catalystsmay be optionally supported on carhon The 
dispersed inasmall amount of water .(ahout .OOmg of catalyst in 1 g of water). To .brs 

dispersion may be directly painted onto the polymer membrane. Alternately, 
isopropanoKl-Sg) is added and the dispersion is directly sprayed onto the membrane. 
Tfcclystmayalsobe applied onto the membrane by decal transfer, as descrrbed m the 
„penliterature(£tec«cW m /ca4c to , 40: 297 (1995)). 

1S TheelectrodesareindecUicalcon,actwithamembrane,eitherdirec tt yorindirectly, 

membrane audaload to which a electric current is supplied. More parucularly, afirs, 
catalyst is electrocatalytically associated withthe anode side of the membrane so as to 
facibtate the oxidation ofhydrogen or organic fuel. Such oxidation generally results >n 
20 theformationof protons, elections, carbon dioxide and water. Since the membrane „ 
substantiaUyimpermeableto molecular hydrogen and organic mels such as methane., as 
weu as carbon dioxide, such components remain on the anodic side of the membrane. 
Electrons formed ftom the electro catalytic reaction are transmitted from.be cathode to 
,he load and then to the anode. Balancing this direct electron current is the transfer of an 
25 equivalent number of proton, across the membrane to tire anodic compartment. There au 
electro catalytic reduction of oxygen in the presence of the transmitted protons occursto 
form water. In one embodiment, air is the source of oxygen In another embodunent, 
oxygen-enriched air is used. 
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The membrane electrode assembly is generahy used to divide a fuel ceh into anodic and 
cathodic compartments. In such fuel cell systems, a me. such as hydrogen gas or an 
organic fuel such as methanol is added to the anodic compartment while an oxidant such 
as oxygen or ambient air is allowed to enter the cathodic compartment. Depending upon 
the particular use of a mel cell, a number of cells canbe combined to achieve approbate 
voltage and power output. Such applications include electrical power sources for 
residenriaUndusndat commercial power systems and for use in locomotive power such 
as in automobiles. Other uses to which the invention finds particular use includes the use 
of fuel cells in portable electronic devices such as cell phones and other 
telecommunication devices, video and audio consumer electronics equipment, computer 
taptops, computer notebooks, personal digital assistants and other computing devices, 
GPS devices and the like. 

Further, suchpolymer membranes and electrode assemblies of the invention are generally 
useMinmel cells such as those disclosed inU.S.PatentKo,5^ 
5 992 008, 5,723,229, 6,057,051, 5,976,725, 5,789,093, 4,61*61. 4,407,905, 4,62 , 4 
4^62 123 4 789 917, 4,446,210, 4,390,603, 6,110,613, 6,020,083, 5,480,735, 4,851,377, 
4; 4 20',544, 5,759,712, 5,807,412, 5,670,266, 5,916,699, 5,693,434, 5,688,613, 5,688,614, 
each of which is expressly incorporated herein by reference. 
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The polymer membrane of the invention also find use as separators in bateries. 
Particularly preferred batteries are lithium ion batteries. 
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EXAMPLES 



Example 1 . 

Sulfonated polyetheretherketone (sPEEK) was synthesized by treating PEEK with 
chlorosnlfonic acid as previously described. The sulfonated polyetheretherketone was 
dissolved in dimethylacetamide and polymer membrane was cast from solution. The 
membrane was dried from room temperature up to 1WC and finally under vacuum to 
remove the last traces of solvent. 
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Tfcmembran ewaathentransferre dhnoaronndbottom^comah^/.^ 
acrylonitrile 4% pentaerytritol triacrylate and 1% Lucirin TPO. The membrane was^ 

thepolymermembrane^topolymerizedbyexposmetoUVbgbt. 

"in*^^^ 

,0 dips of ammonia are added ,o this solodon. O.OSg of polyacrylorntnle (PAN) - 
2 lofa6 25%solotionofPANinDMAC). 0 20g of po.ybenzmnda.ole are 

2 hours, and finally rinsed in deionized water. 

memUeconducdv.ywasmeaauredbyACimpedanoe.Tbepro.oncondncbv.rya, 
, 30°C was fonnd to be 0.094S/cm and a. 60°C it was 0.125 S/em 
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ExaInple 3 . ■ Bi R ./„ speek 9 1% PVI and 9.1% 

Thia example discloses a membrane compnsmg 81.8/. sPEEfc-, 

elastomerie copolymer acr,lonitrile-vinylimid^ole (30:1). 

Seated polyetbereuaer te one(sPEEK)(0.9 g ) was " ^ ^ 

dimethylacetamide (DMAC). To this solution, 30% ammonium ^ in DMA.C 

ad ded Asolnnonofacrylommle-vinylinidazolecopolymerCmolarrano 30.1 nDMAC 

solution was cast onto a silanized glass frame (size 5 x> j. x 
ltemp mta refo I twodays, to va^dr i ed,60Xfor8hon«^e — 

lembJwassoaxedinlMH^O.atroom.emperabareovernight.Themembranewaa 
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thenrinsed with deionized water to remove any traces of acid. The resu.ting membrane 
™4milthick. The room temperature membrane conductivity was 0.037 S/cm. 



5 



"pie disclose,* membrane comprising 81,% sPEEK and 18.2% of elastomeric 
copolymer acrylonitrile-vinyumidazol (30:1). 

donated polyenreredrerlretone (SPEEK) (0.9 g ) was &sM ^ > ^ 
di me<hylace^de(DMAC). Tom***.**-** 

sfa ed overnigbt. Tbe solution was cast onto a silanized glass frame (srze 5 x5 ) Th 
membrane was dried at room temperature fortwo days, then vacuum dr.ed a. 60 C for* 
hours The resulting membrane was soaked in lMH.SO.at room temperature ovennght. 
The membrane was then rinsed with deionized water to remove any traces of acrd. 

Example 5 

This example discloses a membrane comprising 12% PVI and 88% ela*omenc 
copolymer comprising elastomeric and acidic subunits (1:9). 

A copolymer of acryionitrile and 2 -acryloamido-2-methyl-l-propane suifonic acid (molar 

ammonmmhydroxided.ag) was added. AsomUonpoly^dazole^O.iag 
0 sohd^ndhnethylacetamrdewasadded. The mixture was stirred overnight. The 

r eJn g so 1 ution W ascastontoasi,ani Z edglassframe(si Z e5»x5..). Tbemembra., 
cried a. room temperature fortwo days, thenvacuum dried at 60»C for 8 hours. The 
resulting membrane is soaked in 1M H,S0 4 a, room temperature overmght. The 
membrane is then rinsed with deionized water to remove any traces of actd. 
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Example 6 , r 

T fc ^ampU di sclo S «same m bran e oo mP ri S in g 60% sl >E E K;20%PBl m d 2 0«/.ofan 

elastomeric copolymer comprising elastomeric aod acidio submuta (75:25) 
Sulfonated PEEK (0.60g) is dissolved inDMAC (lOg). To this solution atnmonnnn 
hydroxide is added (lOg). To this solution the acrylordtrile-2-aoryloamido- 2 -meuayl-l- 
propane sulfonicacid copolymer (molar ratio 75:25) in DMAC is added (sohds content 
02g) Totheresul.in g solution,pol,ber^nndazole(Oag)mdimethylacatanude> S added. 

After stirring overnight, the homogeneous solution is cast on a silanized glass plate. The 
roembrane is dried a, 40»C. The polymer membrane is then soaked in 0.5M sulftmc acrd 
solution overnight at room temperature, then boiled for two hours in 0.5 M suite* acsd 
and finally repeatedly rinsed in deionized water. 



Example 7 

This example discloses a three-component membrane based on SPEEK/PBI/N- 
vinylimizadole, acrylonitrile copolymer (molar ratio 1:1). Each ofthe membranes was 
m adeasdescnbedinEx a m P le6exceptforthe amount and/or type of polymer used. 
Conductivity results for a number of membranes are shown in.Table 1. 



Table 1 

Conductivity at room temperature 



Composition 


Conductivity fS/cm) 
4.4xl0" 2 


%CsPEEK/PBl7coDolvmer) 


75/20/5 
75/15/10 


1.8xl0- 2 


-~~ 75/10/15 


r 2 33xl0" z 


80/15/5 


1 14x1 0' 1 



Copolymer: N-vinylimidazole, acrylonitrile (1:1) (molar ratio) 
PBI: polybenzirnidazole 
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Example S 

This example discloses a three-component membrane based on SPEEK/PBI/N- 
vinylimizadole, acrylonitrile copolymer (molar ratio 1:2). Membranes were made as in 
Example 7 except that the amount and/or type of polymer was varied as indicated. 
5 Conductivity results at room temperature for two membranes are shown in Table 2. 



Table 2 



Composition 
%CsPEEK/PBI/copolymer) 


Conductivity (S/cm) 


75/20/5 


1.04xl0" 2 


80/15/5 


3.3xl0- 2 



Copolymer: N-vinylimidazole, acrylonitrile (1 :2) (molar ratio) 
PBI: polybenzimidazole. 

Example 9 

This example discloses a three-component membrane based on SPEEK/PBI/N- 
15 vinylimizadole, acrylonitrile copolymer (molar ratio 1 :9). Membranes were made as in 
Example 7 except that the amount and/or type of polymer was varied as indicated. The 
conductivity at room temperature is set forth in Table 3. 



Table 3 



Composition 
%(sPEEK/PBI/cdpolYmer) 


Conductivity (S/cm) 


80/15/5 


7.7xl0" 2 



Copolymer: N-vinylimidazole, acrylonitrile (1:9) (molar ratio) 
PBI: polybenzimidazole 
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Example 10 

This example discloses a three-component (ternary blend) membrane based on 
SPEEK/PBI/N-vinylimizadole, N-vinylpyrrolidone, acrylonitrile terpolymer. 

Sulfonated PEEK (1.5 g) is dissolved in 18 g of dimethylacetamide. 12 drops of 
5 ammonia are added to the solution. 1 .0 g of a 1 0% solution of a terpolymer of N- 
vinylimidazole, N-vinylpyrroJidone and acrylonitrile with nominal molar ratio 1 :2:2 is 
added to the solution. After this addition, 0.4 g of 6.5% solution of PBI in DMAc is 
added. After complete dissolution of all the components, the solution is cast on a 
silanized glass, dried at first overnight at room temperature, then at 60°C for eight hours , 
1 0 and under vacuum for six hours. 

The resulting 4 mil thick membrane is tested for its conductivity at room temperature by 
AC impedance. The conductivity was found to be 0.064 S/cm. 

The foregoing were repeated for different amounts of PBI and Terpolymer were varied. 
Results of the conductivity at room temperature are summarized in Table 4. 



Table 4 



20 . 



Composition 
%(sPEEK/PBI/Terpolymer) 


Conductivity (S/cm) 


75/20/5 


6.4xl0' 2 


75/10/15 


7.6xl0" 2 


75/15/10 


8.4xl0" 2 



Terpolymer: N-vinylimidazole, N-vinylpyrrolidone, acrylonitrile (1:2:2) (molar ratio) 
PBI: polybenzimidazole 



Example 11 

A polymer membrane comprising 75% sPEEK, 20% PBI and 5% PAN (2-in x 4-in) 
having a membrane thickness of 5 mils was loaded in a flow cell. On one side of the 
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membrane a 1 M solution of methanol in water was circulated at a flow rate of 2.4L/hr. 
On the other side of the membrane deionized water was circulated at the same flow rate of 
2.4 L/hr. Samples of the circulating deionized water were taken over a period of six 
hours. In each sample the concentration of methanol was monitored by gas 
5 chromatography. The test was performed at room temperature. Figure 5 shows the 
concentration of methanol as a function of time for a Nafion® 1 17 niembrane and the 
aforementioned ternary blend membrane. 

Example 12 

This example discloses a binary blend membrane comprised of 78% sulfonated PEEK and 
10 22% of an elastomeric copolymer comprised of vinyl imidazole and acrylonitrile in a 4:1 
molar ratio. SPEEK was vacuum dried for two hours at 100°C in a tared vessel before 
obtaining a dry weight of 1.464g. To this was added lOg of DMAC and the solution 
stirred until the polymer was completely dissolved. To the resulting solution was added 
2g of a 30% aqueous solution of ammonium hydroxide in water. To this solution was 
15 added 7.508g of a 6.50% solution of the poly(vinylimidazole-co-acrylonitrile) (4: 1 molar 
ratio) elastomeric copolymer. After stirring overnight the homogeneous solution was cast 
into a frame 5" x 5" on a glass plate and the membrane dried for two days at room 
temperature. The membrane was then dried at 60°C for two hours before being soaked in 
1M sulfuric acid overnight. The resultant membrane was rinsed thoroughly to remove 
20 residual sulfuric acid and was transparent, homogenous and stable in water. Conductivity 
results at room temperature for this membrane and for alternate compositions using this 
4: 1 molar ratio elastomeric copolymer are demonstrated in Table 5. 
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Table 5 



5 



Composition 


Conductivity, S/cm 


% sPEEK-coDolymer 


Room Temoerature 


85-15 


0.090 


80-20 


0.023 


78-22 


0.027 


75-25 


0.012 , : 


73-27 


0.0067 


70-30 


0.0010 



10 Copolymer = 4:1 molar ratio vinyl imidazole-acrylonitrile 



Example 13 

Binary blend membranes were made as in example.14 except that the elastomeric 
copolymer contained a 2:1 molar ratio of vinyl imidazole to acrylonitrile monomeric 
Conductivity results for these membranes are shown in Table 6. 



Composition 


Conductivity, S/cm 


% sPEEK-Copolymer 


Room Temperature 


82-18 


0.052 


78-22 


0.048 


75-25 


0.025 


73-27 


0.021 


70-30 


0.012 


67-33 


0.004 



Copolymer = 2:1 molar ratio vinyl imidazole-acrylonitrile 



25 Example 14 



Example 14 

Binary blend membranes were made as in example 14 except that the elastomeric 
copolymer contained a 9:1 molar ratio of vinyl imidazole to acrylonitrile monomeric 
species. Conductivity results for these membranes are shown in Table 7. 
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Table 7 



Composition 
% sPEEK-Copolymer 


Conductivity, S/cm 
Room Temperature 


82-18 


0.082 


79-21 


0.029 



Copolymer = 9:1 molar ratio vinyl imidazole-acrylonitrile 



Example 15 • 

This example demonstrates a membrane consisting of 82 % sulfonated PEEK and 18 A 
poly(vinylimidazole) in a binary composition. PVI is preferred to PBI in that it is a 
cheaper material to mannfactnre is more readily avaUable. Fnrthermore, PVI, unhke PBI, 
isnotliquidcryst**. This liquid crystallinity characteristic of PBI makes membranes 
containing PBI more difficult to process and leads to inconsistent properties upon trymg 
to reproduce results. 

1 23g of sulfonated PEEK were dissolved in 14.0g DMAC. To this solution was added 
12 drops of a30% solution of ammonium hydroxide in water. To this was added 1.24g of 
a 10% solution of poly(vinylimidazole) in DMAC. The membrane was cast in a flame 
5" x 5" on a glass plate and dried at room temperature for 2 days and at 60°C for two 
hours. The membrane was soaked in 1M sulfuric acid overnight before it was rinsed to 
remove all traces of sulfuric acid. The resultant membrane was transparent, 
homogeneous and stable in water. Table 8 demonstrates conductivity data of several 
compositions. 
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Table 8 



5 



Composition 


Conductiviio'} o/cui 


% sPEEK-PVI 


Room Temperature 






79-21 




X7-1R 




85-15 


0.095 ' - 


87-13 


0.097 1 



, 4 . 1 Ld3%PA N .To 1 4. 9g ofa7,%solu ta ofsu lf o M tedPEEK m DMAC 



ratio 



, 84-16 and 37o i-AiN. i«'^8 mjrir , n 

wasadd= d a na dd i Uon al 3go f DMAC,0.a7 2g o t a6. 2 5% S o.u fl onofPAN,aD^O 

dri edat60«Cfor2hou rS a„d«rea t ed tal Msu lft .ncaddove mi gh,. Theresutat 
membrane was homogeneous and demonstrated stability in water. Table 9^ '^^^^^ 
conductivity of this oomposition and other oppositions. The ratto of sulfonated 
to PVI is always eKpressed independently of its overall ratio to PAN. 
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Table 9 



Composition 
% fsPEEK/PVD-PAN 


Conductivity, S/cm 
Room Temperature 


95f77/23>5 
95(79/21)-5 . 
95(82/18)-5 
97(83.5/16.5)-3 
97(85.5/14.5)-3 
99f81/19)-l 
97(82/1.8>3 
99f84/16)-l 
97f84/l6V3 
1 95(84/16)-5 . 


0.0012 

0 0068 
0 027 

0.037 :' 

0049 

n020 

0 022 , 
0.059 
0 057 
0.032 



ofs^ticalesstolOOV^asdissoWedinngDMAC. To thta was added 0.407g of 
a 7 ^07%^olution of PAN in DMAC followed by 1 .2g of a 30% solution of ammonium 

ro0 m temperature and for2hours at 60»C. The Hmwasthen soakedml.5Msuffi.no 
conduetivityof.hismembraneandothereompositions.AlUhesemembranes 

tatethandid any of the membranes inExample 18, which were not made by selection of 
p e rib rn M c,ofPF2- S 5.3( t he97(8 8 / 1 2>3forn^on)moperauonmanact,edu^. 
m ethanol fuel cell. Figure 7 demonstrates its performance using 4M methanol. 
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Table 10 



5 



Composition 

Q7(QO/10)-3 


Conductivity, S/cm 
T3««m Temperature 

0 038 


97f88/12>3 

97(86/14)-3 
97t84/16>3 


0 029 

r ' ' 0.016 

0011 - : 



Table 11 
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Test conditions 


I@0.4V 


I @ 0.3 V 


HFR 

(Xlcm 1 ) 


MeOHXO 
CmA/cm 1 ) 


Rlemliranem^S^ 

lMMeOH,lmL/min 


81 


119 

f36mWcm- 5 ) _ 


0.14 


75 for 2 M 


Air. 20 seem, bypassed _ 
2MMeOH,lmL/nnn 


88 

nSmWcm' 1 ) 


142 
C43 mW cm 1 ) 


0.14 


_128for_3M_ 


Air. 20 seem, bypassed 
4MMeOH,lmL/min 
Air 9D seem, bypassed _ 


70 

r?.8mWcm" a ) 


107 
f32mWcm 2 ) 


0.15 


147 for 4 M 


4MMeOR5mL/min 


82 

(33 mW cm 2 ) 


180 

(54mWcm 5 ) 


0.155 


1 


Ajr, 50secm.3S"C _ 
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homogeneous and demonstrated stabihty m water. Table 12 demonst 
this composition and other compositions. 
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Table 12 



5 



Composition 
%(sPEEK/PVD-copo]imer_ 


Conductivity, S/cra 
Pnnm Temperature 

0.07 


97f90/10>3 

95(90/1 0>5 
9U90/10V9 
84(88/12V16 


0.06 : 

0.04 . 
! 0.04 ' 



Copolymer 9:1 molar ratio -of actfonMettvinvl 



TKefoUowingexarnpled^onstrat esatentarybtadrnentan 

, Olg of sulfonated PEEK was dissolved in 23g of DMAC. 

, u i ^ in DMAC 1 5 K of a30% solution of ammonium 
< 771% cnlutionofthe copolymer in UMAt, i^6 ul 

^overnign.andeastin.oaS^S.^ona^s.ide.^ed.odryatroom 

.SM^aeidove^a^^r^witndeionized^.^^ 
m ernbrane was stable inwate, The conduotivity of several —on .sdetadedtn 
Table 13. 

Table 13 



Composition 
%f sPEEK/TVTKpJ jgjyiggl 



95(85/15)-! 



| 9Q(85/15)-1 0 

acid 



Conductivity, S/cm 
Room Temperature 
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Example 20 

Preparation of acrylomtrile 1-vinyfaidazole copolymers. 
WehavepreparedseveraJaoryioniti.el-vmyWda.oiecopo.yBrers. Thefohowing 

5 ration of 9:1. 

r:— e, 5g , ^—-zrzr^ 

10 ^repea.ed.ywashedwi.h — 

After drying 1 Wg of the copolymer were isolated. 



Example 21 

Preparation of sPEEK 



SPEEKwas prepared according to two different methods: (1) soffonatton wnh 
.ulfonationwithsulhrric acid inthe presence ofphosphorons pentox.de. MethodZ, 



described as follows. 
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adto a 1 honr,PE E K ( 3d 6 g,wasadded,o,hemi X mreove« 
^ningmetemperaturea.S-C.Themixtnrewaswarmedto 11 Covertoe 

, „ rt HCl(3 novertwcnty-fivemmnte S whilesUrnng. Thesohdwas 
"r"^.HC 1 J (1 OE ) thenicewa,er ( ,d L) ,c,n P insmaUpiece S 
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LLKC^wasUoU.ed.Thepol^wasa^by — analyst 

5 100% sulfonated. 
Example 22 

Preparation of 30% Ethylated Polybenzimidazole 

flask and dried at 0.01 nunHg a, MWOOC sand bath for two days. Thenthe contend 
10 toflaskwereoootactedwitflargonandaUowedtoreachroomtemperature 

^flllflued^aoo^and—c^steer. MpyrroUdone (2* - 

XflereacUon.ascoo.eddownatroon.^pera.ureandflfldurohydnde^S^was 
added.The mi xturewas S d t red24hoorsat60»C t o g iveab lu eisflso 1 u, 1 o. 
« ltes oludonwascooledto-40'Ca m ito=U,yUodid e (8.95gdmo 1 vedml0mLr«ff) 

15 "dd^se. ..umedia te reaction takes plaoe upon addhW 

After the ethyl iodide additions coveted, the reaction was heated at 58 C for 24 
1. The LioowasworkedophypooriegfltesolutioniotofSLof wateru^ 
^(residuaiundissoWedsofldnrateria. was separated before pounngnr water). The 
20 soUdpredplfate.aalao^bydeea^thewa^anditwasaoaked.n^ 

ovJU ThesohdwasgrouadinaHeaderwithSOOraLofwaterandeofleete d- 
Buchner funnel The sohd was stirred for four hours in 1 . 5L of water, collected by 

25 a aOO"Ca«-.Or m uHg.Thedegteeofe,hyla«ionofflaeflnal P rodue,wases. m atedtobe 
-30% by 'HNMR. 
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Example 23 

Sulfonated polyetheretherketone (SPEEK) (0.77g) was dissolved in 15g of 
dimethylacetamide (DMAC). To this solution, 30% ammonium hydroxide (1.5g) was 
added. A solution of polyacrylonitrile in DMAC was added (addition corresponds to 
0 05g of PAN), followed by an addition of 30% ethylated polybenzimidazole (E-PBI) 
(0 18g) The resulting mixture was stirred overnight. The resulting solution was cast 
onto a silanized glass frame (size 5"x5"). The membrane was dried at 60°C overnight, 
then vacuum dried at 80°C for 8 hours. The resulting membrane was soaked in 1M 
H 2 S0 4 at room temperature overnight. The membrane was then rinsed with deionized 
water to remove any traces of acid. The resulting membrane was tested for conductivity at 
room temperature (0.00625 S/cm), and at 60°C (0.00793 S/cm). After hydration in water, 
the membrane water uptake was 77% on a weight basis. 



Example 24 

Sulfonated poly ether ethersulfone (sPEES) (0.7g) was dissolved in 10 g of 
15 dimethylacetamide (DMAC). To this solution, 30% ammonium hydroxide (l.Og) was 

added. A solution of polyacrylonitrile in DMAC was added (addition corresponds to 0.05 
g of PAN), followed by an addition of polybenzimidazole (0.20g). The resulting mixture 
was stirred overnight. The resulting solution was cast onto a silanized glass frame (size 
5»x5") The membrane was dried at 60°C overnight, then vacuum dried at 80°C for 8 
20 hour, Theresultin g membranew aS soakedinlMH 2 S0 4 atroomtemperaturepverni g ht. 
The membrane was then rinsed with deionized water to remove any traces of acid. The 
resulting membrane was tested for conductivity at room temperature (0.00602 S/cm), and 
at 60°C (0.00655 S/cm). After hydration in water, the membrane water uptake was 52.6% 
on a weight basis. 

25 Example 25 

Sulfonated polyetherethersulfone (SPEES) (O.SOg) was dissolved in 15g of 
dimethylacetamide (DMAC). To this solution, 30% ammonium hydroxide (l.Og) is 
added. A solution of polyvmylidenefluoride (PVDF) in DMAC was added (addition 
corresponds to 0.05g of PVDF), followed by an addition of polybenzimidazole (0.20g). 
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The resulting mixture is stirred overnight. The resulting solution is cast onto a silanized 
glass frame (size 5"x5"). The membrane is dried at 60°C overnight, then vacuum dried at 
80°C for 8 hours. The resulting membrane is soaked in 1M H 2 S0 4 at room temperature 
overnight. The membrane is then rinsed with deionized water to remove any traces of 
5 acid. The resulting membrane was tested for conductivity at room temperature (0.00561 
S/cm). After hydration in water, the membrane water uptake was S%% on a weight basis. 
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WHAT IS CLAIMED IS: 

1. A polymer membrane comprising a first polymer comprising acidic subunits and a 
second polymer comprising basic subunits, wherein (i) at least one of said first or second 
polymers is an elastomeric copolymer further comprising elastomeric subunit, or (ii) the 

5 polymer membrane further comprising an elastomeric polymer comprising elastomeric 
subunits. 

2. The polymer membrane of claim 1 wherein said first polymer comprises sulfonic 
acid, phosphoric acid or carboxylic acid groups. 

3. The polymer membrane of claim 2 wherein said first polymer comprises 
10 sulfonated polyetherether ketone sulfonated polyetherether sulfone. 

4. The polymer membrane of claim 1 wherein said second polymer comprises an 
aromatic amine, an aliphatic amine or a heterocyclic nitrogen. 

5 . The polymer membrane of claim 4 wherein said second polymer comprises 
polybenzimidazole or polyvinylimidazole. 

15 6. The polymer membrane of claim 1 wherein said elastomeric polymer comprises a 
semi-interpenetrating network in said membrane. 

7. The polymer membrane of claim 1 wherein said elastomeric polymer comprises 
polyacrylonitrile. 

8. The polymer membrane of claim 1 wherein said elastomeric copolymer comprises 
20 an elastomeric subunit comprising acrylonitrile. 



WOO] 




30 



PCT/US01/17675 

WO 01/94450 

9 The polymer membraue of elaim 1 wherein said first polymer comprises 
sulfonated polyetherether ketone, and said elastomerie oopolymer comprises basic 
subunits comprising vinylimidazo.e and elastomerie subunits comprising actylonttnle. 

10 The polymer membrane of claim 1 wherein said second polymer comprises 

5 polyvinylimidazole and said elastomerie polymer comprises acidic sfibunits compnamg 
2-acrylonanfide.2-methy.-l propane sulfonic acid and elastomerie subunits compnsmg 
acrylonitrile. 

11. The polymer membrane of claim 1 wherein said membrane is permeable to 
protons. 

10 12. The polymer membrane of claim 1 wherein said membrane is substantially 
impermeable to methanol. 

13 A membrane electrode assembly comprising the polymer membrane of claim 1 
and first and second catalysts positioned respectively on fust and second oppostte 
surfaces of said membrane. 

15 14 A membrane electrode assembly of claim 13 further comprising a cathode 
electrode and an anode electrode, wherein each of said electrodes is separately » 
electrical communication with said first and said second catalysts. 

15. An electrochemical device comprising the polymer membrane of claim 1. 

16. The electrochemical device of claim 15 comprising a battery. 

20 17. A fuel cell comprising the polymer electrolyte membrane of claim 1. 

18. A fuel cell comprising the membrane electrode assembly of claim 13 or 14. 
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19. An electronic device comprising the electrochemical device of claim 15. 

20. An electronic device comprising the fuel cell of claim 17 or 18. 

21 A method for forming the polymer membrane of claim 1 comprising combining at 
least one of said first polymer or said second polymer with said elasjomeric polymer or 

5 said elastomeric copolymer. 

22 A method for forming a membrane electrode assembly comprising contacting each 
of the opposite surfaces of the membrane of claim 1 with a composition comprising one 
or more catalysts to form cathode and anode catalyst layers. 

23 . The method of claim 22 further comprising electrically contacting said cathode 
10 and anode catalysts with anode and cathode electrodes. 
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FIG. 2 
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Temperature (C) 



Mambrane 1: 31.5% sPEEK; 15.5% PBI and 3% PAN 



FIG. 3 
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FIG. 4 
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Time (min) 



Membrane 1: SPEEK 75% PBI 20% , 5% PAN 



FIG. 5 




FIG. 6 
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